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This Office Action is in response to the responses filed on October 14, 2003 and 
November 28, 2003. 

As a preliminary matter, claim 25, line 2, contains a typographical error. 
Specifically, the "Si0 2 " is a typographical error that should be deleted (see claim 25 as 
presented in the amendment filed November 28, 2001, which was the last time claim 25 
was amended). 

Claims 26 and 27 are rejected under 35 U.S.C. 112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. Specifically, claims 26 and 27 are indefinite because 
"the Ge" lacks antecedent basis in independent claim 24, on which they depend. 
Claims 26 and 27 should apparently depend on independent claim 25, which recites Ge. 

Claims 11, 24 and 38 are rejected under 35 U.S.C. §1 02(b) as being anticipated 
by Saito (newly cited Japanese Kokai 4-34942). 

With respect to independent claim 11, Saito discloses a metal-oxide- 
semiconductor transistor 1 (see the entire Kokai, including the attached English language 
translation thereof), comprising: a silicon substrate 1 ; a silicon dioxide (Si0 2 ) gate oxide 
3, coupled to the substrate; a gate 7, coupled to the Si0 2 gate oxide; source/drain 
regions 8/10 formed in the substrate on opposite sides of the gate; and a Sh- x Ge x 
channel region 6, having a germanium molar fraction x, located underneath the Si0 2 
gate oxide and between the source/drain regions (see the English translation at pages 4 
and 5), wherein x is less than or equal to 0.6 (note that Saito's germanium ion implant 



1 Claim 1 1 's "p-channel" preamble language is not given patentable weight. See In re Hirao, 535 F.2d 67 
1 90 USPQ 1 5 (CCPA 1 976) . 



Application/Control Number: 09/132,157 Page 3 

Art Unit: 2822 

dosage is less than the applicant's disclosed germanium ion implant dosage), and 
wherein the Sii- x Ge x channel region forms a continuous Sii. x Ge x / SiC>2 gate oxide 
interface wherein no germanium oxide is present at the Sii- x Ge x / Si02 gate oxide 
interface (as a result of ion implantation of germanium through the previously formed 
Si02 gate oxide). 

Claim 1 1 is thus rejected under 35 U.S.C. §1 02(b) as being anticipated by Saito. 

With respect to independent claim 24, Saito discloses a metal-oxide- 
semiconductor transistor 2 (see the entire Kokai, including the attached English language 
translation thereof), comprising: a Sii- x Ge x channel region 6, having a germanium molar 
fraction of x, and formed in the substrate, underneath a silicon dioxide (SiCb) gate oxide 
and between a source region and a drain region (see the English translation at pages 4 
and 5); wherein x is less than or equal to 0.6 (note that Saito's germanium ion implant 
dosage is less than the applicant's disclosed germanium ion implant dosage), and 
wherein the Sii. x Ge x channel region forms a continuous Sii- x Ge x / SiC>2 gate oxide 
interface wherein no germanium oxide is present at the Sii- x Ge x / SiC>2 gate oxide 
interface (as a result of ion implantation of germanium through the previously formed 
SiC>2 gate oxide). 

Claim 24 is thus rejected under 35 U.S.C. §1 02(b) as being anticipated by Saito. 

With respect to independent claim 38, Saito discloses a semiconductor transistor 
(see the entire Kokai, including the attached English language translation), comprising: 
a silicon substrate 1; a silicon dioxide (SiC>2) gate oxide 3, coupled to the substrate; a 



2 Claim 24's "p-channel" preamble language is not given patentable weight. See In re Hirao, 535 F.2d 67, 
190 USPQ 15 (CCPA 1976). 
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gate 7, coupled to the Si0 2 gate oxide; source/drain regions 8/10 formed in the 
substrate on opposite sides of the gate; and a Sii- x Ge x channel region 6, having a 
germanium molar fraction of x, located underneath the Si0 2 gate oxide and between the 
source/drain regions (see the English translation at pages 4 and 5), wherein x is less 
than or equal to 0.6 (note that Saito's germanium ion implant dosage is less than the 
applicant's disclosed germanium ion implant dosage), and wherein the Sii. x Ge x channel 
region forms a continuous Sh- x Ge x / Si0 2 gate oxide interface wherein no germanium 
oxide is present at the Sii_ x Ge x / Si0 2 gate oxide interface (as a result of ion 
implantation of germanium through the previously formed Si0 2 gate oxide). 

Claim 38 is thus rejected under 35 U.S.C. §1 02(b) as being anticipated by Saito. 

Claims 11, 13, 14, 24, 26-28 and 38-40 are rejected under 35 U.S.C. 103(a) as 
being unpatentable over Nakagawa (United States Patent 5,272,365, already of record) 
together with Burghartz et al. (newly cited United States Patent 5,461,250 - hereafter 
Burghartz). 

With respect to independent claim 11, Nakagawa discloses a p-channel metal- 
oxide-semiconductor transistor (see the entire patent, particularly the Fig. 3 disclosure), 
comprising: a silicon substrate 12; a silicon dioxide (Si0 2 ) gate oxide "34" (note that 
Fig. 3's "34" is essentially a typo that should be "18," as per the Figs. 1-2 disclosure, 
and see column 4, lines 27-28), coupled to the substrate; a gate 22, coupled to the Si0 2 
gate oxide; source/drain regions 14 and 16 formed in the substrate on opposite sides of 
the gate; and a Sh- x Ge x channel region 42, having a germanium molar fraction x, 
located underneath the Si0 2 gate oxide and between the source/drain regions, wherein 
x is less than or equal to 0.6 (see column 3, lines 21-25), and wherein the Sii- x Ge x 
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channel region 42 forms a continuous Sii. x Ge x / Si0 2 gate oxide interface (with Si0 2 
gate oxide "34"). 

Nakagawa discloses that the Si0 2 gate oxide 18 of at least its Fig. 1 and Fig. 2 
embodiments is "thermal silicon oxide" (see column 2, lines 49-56, for example), which 
means that it is formed by thermally oxidizing an underlying silicon layer (Fig. 1's silicon 
layer 20 and Fig. 2's silicon layer 34). 

Nakagawa's Fig. 3 gate oxide "34" (again, such should be "18," as per the Figs. 
1-2 disclosure) is apparently similarly formed by thermally oxidizing Fig. 3's Sii_ x Ge x 
channel region 42 (see column 5, lines 19-35). Nakagawa does not disclose that 
germanium oxide is present at Fig. 3's Sh- x Ge x / Si0 2 gate oxide interface, but the 
applicant maintains: "germanium oxide will necessarily be created at [Nakagawa's] 
Sh- x Ge x / Si0 2 gate oxide interface" (applicant's October 14, 2003 response at page 8, 
first paragraph). The applicant's argument is accepted in order to advance prosecution. 

The apparent difference between claim 1 1 and Nakagawa, therefore, is claim 1 1 
recites: "no germanium oxide is present at the Sh- x Ge x / Si0 2 gate oxide interface." 

Burghartz teaches forming a Si0 2 gate oxide on a SiGe channel layer by 
depositing a Si0 2 gate oxide layer on the SiGe layer instead of by thermally oxidizing 
the SiGe layer (see the entire patent, particularly the Fig. 3 disclosure). 

It would have been obvious to one skilled in this art to form Nakagawa's Fig. 3 
Si0 2 gate oxide "34" (again, such should be "18") by depositing a Si0 2 gate oxide layer 
on SiGe region 42 instead of by thermal oxidizing SiGe region 42, as per Burghartz's 
teaching (and such would result in there being no germanium oxide present at the 
Sii. x Ge x / Si0 2 gate oxide interface because the SiGe region is not oxidized). 
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Claim 11 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 
Nakagawa together with Burghartz. 

With respect to dependent claim 13, although Nakagawa is silent as to the 
thickness of its Sii- x Ge x channel region 42, Burghartz also teaches that a SiGe channel 
region is typically 10-50 nm (100-500 angstroms) thick (see column 7, lines 64-66). 

It would have been further obvious to one skilled in this art to make Nakagawa's 
Sii_ x Ge x channel region 42 100-500 angstroms thick, because Burghartz teaches that 
Sii. x Ge x channel regions are conventionally formed that thick. 

Claim 13 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 
Nakagawa together with Burghartz. 

With respect to dependent claim 14, Nakagawa's germanium molar fraction is 
approximately 0.2 (see column 3, lines 21-25). 

Claim 14 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 
Nakagawa together with Burghartz. 

With respect to independent claim 24, Nakagawa discloses a p-channel metal- 
oxide-semiconductor transistor formed on a silicon substrate 12 (see the entire patent, 
particularly the Fig. 3 disclosure), comprising: a Sh- x Ge x channel region 42, having a 
germanium molar fraction of x, and formed in the substrate, underneath a silicon dioxide 
(Si0 2 ) gate oxide "34" (note that Fig. 3's "34" is essentially a typo that should be "18," as 
per the Figs. 1-2 disclosure, and see column 4, lines 27-28) and between a source 
region 14 and a drain region 16; wherein x is less than equal to 0.6 (see column 3, lines 
21-25), and wherein the Sii. x Ge x channel region 42 forms a continuous Sii. x Ge x / Si0 2 
gate oxide interface (with Si0 2 gate oxide "34"). 
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Nakagawa discloses that the SiC>2 gate oxide 18 of at least its Fig. 1 and Fig. 2 
embodiments is "thermal silicon oxide" (see column 2, lines 49-56, for example), which 
means that it is formed by thermally oxidizing an underlying silicon layer (Fig. 1's silicon 
layer 20 and Fig. 2's silicon layer 34). 

Nakagawa's Fig. 3 gate oxide "34" (again, such should be "18," as per the Figs. 
1-2 disclosure) is apparently similarly formed by thermally oxidizing Fig. 3's Sii_ x Ge x 
channel region 42 (see column 5, lines 19-35). Nakagawa does not disclose that 
germanium oxide is present at Fig. 3's Sii. x Ge x / Si0 2 gate oxide interface, but the 
applicant maintains: "germanium oxide will necessarily be created at [Nakagawa's] 
Sii_ x Ge x / Si02 gate oxide interface" (applicant's October 14, 2003 response at page 8, 
first paragraph). The applicant's argument is accepted in order to advance prosecution. 

The apparent difference between claim 24 and Nakagawa, therefore, is claim 24 
recites: "no germanium oxide is present at the Sii_ x Ge x / Si02 gate oxide interface." 

Burghartz teaches forming a Si0 2 gate oxide on a SiGe channel layer by 
depositing a Si0 2 gate oxide layer on the SiGe layer instead of by thermally oxidizing 
the SiGe layer (see the entire patent, particularly the Fig. 3 disclosure). 

It would have been obvious to one skilled in this art to form Nakagawa's Fig. 3 
Si0 2 gate oxide "34" (again, such should be "18") by depositing a Si0 2 gate oxide layer 
on SiGe region 42 instead of by thermal oxidizing SiGe region 42, as per Burghartz's 
teaching (and such would result in there being no germanium oxide present at the 
Sii- x Ge x / SiC>2 gate oxide interface because the SiGe region is not oxidized). 

Claim 24 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 
Nakagawa together with Burghartz. 
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With respect to dependent claims 26 and 27, although Nakagawa is silent as to 
the thickness of its Sii- x Ge x channel region 42, Burghartz also teaches that a SiGe 
channel region is typically 10-50 nm (100-500 angstroms) thick (see col. 7, lines 64-66). 

It would have been further obvious to one skilled in this art to make Nakagawa's 
Sii- x Ge x channel region 42 100-500 angstroms thick, because Burghartz teaches that 
Sii- x Ge x channel regions are conventionally formed that thick. 

Claims 26 and 27, at least insofar as understood, are thus rejected under 35 
U.S.C. 103(a) as being unpatentable over Nakagawa together with Burghartz. 

With respect to independent claim 28, Nakagawa discloses a p-channel metal- 
oxide-semiconductor transistor formed on a silicon substrate 12 (see the entire patent, 
particularly the Fig. 3 disclosure), comprising: a Sh- x Ge x channel region 42, having a 
germanium molar fraction of 0.2 (see column 3, lines 21-25), and formed in the 
substrate, underneath a silicon dioxide (Si0 2 ) gate oxide "34" (note that Fig. 3's "34" is 
essentially a typo that should be "18," as per the Figs. 1-2 disclosure, and see column 4, 
lines 27-28) and between a source region 14 and a drain region 16, wherein the 
Sii_ x Ge x channel region 42 forms a continuous Sii- x Ge x / Si0 2 gate oxide interface (with 
Si0 2 gate oxide "34"). 

Nakagawa discloses that the Si0 2 gate oxide 18 of at least its Fig. 1 and Fig. 2 
embodiments is "thermal silicon oxide" (see column 2, lines 49-56, for example), which 
means that it is formed by thermally oxidizing an underlying silicon layer (Fig. 1's silicon 
layer 20 and Fig. 2's silicon layer 34). 

Nakagawa's Fig. 3 gate oxide "34" (again, such should be "18," as per the Figs. 
1-2 disclosure) is apparently similarly formed by thermally oxidizing Fig. 3's Sii- x Ge x 
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channel region 42 (see column 5, lines 19-35). Nakagawa does not disclose that 
germanium oxide is present at Fig. 3's Sh_ x Ge x / SiC>2 gate oxide interface, but the 
applicant maintains: "germanium oxide will necessarily be created at [Nakagawa's] 
Sii- x Ge x / SiCb gate oxide interface" (applicant's October 14, 2003 response at page 8, 
first paragraph). The applicant's argument is accepted in order to advance prosecution. 

The apparent difference between claim 28 and Nakagawa, therefore, is claim 28 
recites: "no germanium oxide is present at the Sii- x Ge x / SiC>2 gate oxide interface." 

Burghartz teaches forming a Si0 2 gate oxide on a SiGe channel layer by 
depositing a Si0 2 gate oxide layer on the SiGe layer instead of by thermally oxidizing 
the SiGe layer (see the entire patent, particularly the Fig. 3 disclosure). 

It would have been obvious to one skilled in this art to form Nakagawa's Fig. 3 
Si0 2 gate oxide "34" (again, such should be "18") by depositing a Si0 2 gate oxide layer 
on SiGe region 42 instead of by thermal oxidizing SiGe region 42, as per Burghartz's 
teaching (and such would result in there being no germanium oxide present at the 
Sii- x Ge x / Si0 2 gate oxide interface because the SiGe region is not oxidized). 

Claim 28 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 
Nakagawa together with Burghartz. 

With respect to independent claim 38, Nakagawa discloses a semiconductor 
transistor (see the entire patent, including the Fig. 3 disclosure), comprising: a silicon 
substrate 12; a silicon dioxide (Si0 2 ) gate oxide, coupled to the substrate; a gate 22, 
coupled to the Si0 2 gate oxide; source/drain regions 14 and 16 formed in the substrate 
on opposite sides of the gate; and a Sii- x Ge x channel region 42, having a germanium 
molar fraction of x, and located underneath the Si0 2 gate oxide and between the 
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source/drain regions, wherein x is less than or equal to 0.6 (see column 3, lines 21-25), 
and wherein the Sii- x Ge x channel region forms a continuous Sh- x Ge x / SiC>2 gate oxide 
interface (with Si0 2 gate oxide "34"). 

Nakagawa discloses that the SiC>2 gate oxide 18 of at least its Fig. 1 and Fig. 2 
embodiments is "thermal silicon oxide" (see column 2, lines 49-56, for example), which 
means that it is formed by thermally oxidizing an underlying silicon layer (Fig. 1's silicon 
layer 20 and Fig. 2's silicon layer 34). 

Nakagawa's Fig. 3 gate oxide "34" (again, such should be "18," as per the Figs. 
1-2 disclosure) is apparently similarly formed by thermally oxidizing Fig. 3's Sh- x Ge x 
channel region 42 (see column 5, lines 19-35). Nakagawa does not disclose that 
germanium oxide is present at Fig. 3's Sh- x Ge x / SiC>2 gate oxide interface, but the 
applicant maintains: "germanium oxide will necessarily be created at [Nakagawa's] 
Sii_ x Ge x / SiC>2 gate oxide interface" (applicant's October 14, 2003 response at page 8, 
first paragraph). The applicant's argument is accepted in order to advance prosecution. 

The apparent difference between claim 38 and Nakagawa, therefore, is claim 38 
recites: "no germanium oxide is present at the Sh- x Ge x / Si0 2 gate oxide interface." 

Burghartz teaches forming a Si0 2 gate oxide on a SiGe channel layer by 
depositing a Si0 2 gate oxide layer on the SiGe layer instead of by thermally oxidizing 
the SiGe layer (see the entire patent, particularly the Fig. 3 disclosure). 

It would have been obvious to one skilled in this art to form Nakagawa's Fig. 3 
Si0 2 gate oxide "34" (again, such should be "18") by depositing a Si0 2 gate oxide layer 
on SiGe region 42 instead of by thermal oxidizing SiGe region 42, as per Burghartz's 
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teaching (and such would result in there being no germanium oxide present at the 
Sii_ x Ge x / SiC>2 gate oxide interface because the SiGe region is not oxidized). 

Claim 38 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 
Nakagawa together with Burghartz. 

With respect to dependent claim 39, although Nakagawa is silent as to the 
thickness of its Sii- x Ge x channel region 42, Burghartz also teaches that a SiGe channel 
region is typically 10-50 nm (100-500 angstroms) thick (see column 7, lines 64-66). 

It would have been further obvious to one skilled in this art to make Nakagawa's 
Sii_ x Ge x channel region 42 100-500 angstroms thick, because Burghartz teaches that 
Sii- x Ge x channel regions are conventionally formed that thick. 

Claim 39 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 
Nakagawa together with Burghartz. 

With respect to independent claim 40, Nakagawa discloses a semiconductor 
transistor formed on a silicon substrate 12 (see the entire patent, particularly the Fig. 3 
disclosure), comprising: a Sii. x Ge x channel region 42, having a germanium molar 
fraction of 0.2 (see column 3, lines 21-25) formed in the substrate, underneath a silicon 
dioxide (Si02) gate oxide "34" (note that Fig. 3's "34" is essentially a typo that should be 
"18," as per the Figs. 1-2 disclosure, and see column 4, lines 27-28) and between a 
source region 14 and a drain region 16, wherein the Sh- x Ge x channel region 42 forms a 
continuous Sii- x Ge x / SiC>2 gate oxide interface (with SiC>2 gate oxide "34"). 

Nakagawa discloses that the Si02 gate oxide 18 of at least its Fig. 1 and Fig. 2 
embodiments is "thermal silicon oxide" (see column 2, lines 49-56, for example), which 
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means that it is formed by thermally oxidizing an underlying silicon layer (Fig. 1's silicon 
layer 20 and Fig. 2's silicon layer 34). 

Nakagawa's Fig. 3 gate oxide "34" (again, such should be "18," as per the Figs. 
1-2 disclosure) is apparently similarly formed by thermally oxidizing Fig. 3's Sii- x Ge x 
channel region 42 (see column 5, lines 19-35). Nakagawa does not disclose that 
germanium oxide is present at Fig. 3's Sii- x Ge x / Si0 2 gate oxide interface, but the 
applicant maintains: "germanium oxide will necessarily be created at [Nakagawa's] 
Sii_ x Ge x / Si0 2 gate oxide interface" (applicant's October 14 t 2003 response at page 8, 
first paragraph). The applicant's argument is accepted in order to advance prosecution. 

The apparent difference between claim 40 and Nakagawa, therefore, is claim 40 
recites: "no germanium oxide is present at the Sii_ x Ge x / Si0 2 gate oxide interface." 

Burghartz teaches forming a Si0 2 gate oxide on a SiGe channel layer by 
depositing a Si0 2 gate oxide layer on the SiGe layer instead of by thermally oxidizing 
the SiGe layer (see the entire patent, particularly the Fig. 3 disclosure). 

It would have been obvious to one skilled in this art to form Nakagawa's Fig. 3 
Si0 2 gate oxide "34" (again, such should be "18") by depositing a Si0 2 gate oxide layer 
on SiGe region 42 instead of by thermal oxidizing SiGe region 42, as per Burghartz's 
teaching (and such would result in there being no germanium oxide present at the 
Sh- x Ge x / Si0 2 gate oxide interface because the SiGe region is not oxidized). 

Claim 40 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 
Nakagawa together with Burghartz. 
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Claim 32 is objected to as being dependent upon a rejected base claim, but 
would be allowable if rewritten in independent form including all of the limitations of the 
base claim and any intervening claims. 

Claims 25 and 41-43 are allowable over the prior art of record. 

The prior art of record does not disclose or suggest the allowable semiconductor 
transistors taken as a whole, particularly as formed. 

The applicant's arguments are moot in view of the new grounds of rejection. 

Sameshima et al. (newly cited United States Patent 5,889,292) is relevant to this 
application. 

Registered practitioners can telephone the examiner at (571) 272-1843. Any 
voicemail message left for the examiner must include the name and registration number 
of the registered practitioner calling, and the Application/Control (Serial) Number. 
Technology Center 2800's general telephone number is (571) 272-2800. 




